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the majority of extractions are carried out by an operator who has not been involved in the treatment planning for the patient.
This phenomenon of having an operator who is different to the treatment planner has previously been identified as increasing the risk of wrong tooth extraction. 1 In a paper from Israel analysing medical malpractice claims for wrong tooth extraction, most errors occurred during the extraction due to confusion and miscommunication between clinicians within and between clinics. 2 Another paper analysing wrong tooth extractions in a hospital in Korea found the most frequent cause of wrong tooth extraction to be cognitive failure and miscommunication. 3 The authors further identified risk factors of wrong site surgery to be multiple condemned teeth, partially erupted teeth mimicking third molars, and teeth with gross decay.
Risk factors for wrong site operations have been previously described. 4 Several surgeons involved in the same operation, or multiple procedures for one operation, are known risk factors. Other factors such as time pressure due to unscheduled emergency appointments, unclear tooth notation, incorrect patient identification, a missing molar tooth resulting in ambiguity of nomenclature for the remaining molar teeth in the same quadrant, can all increase risk.
An analysis of malpractice claims for wrong tooth extraction in the United States of America however did not find a pattern regarding site and teeth involved. 5 The authors noted that there had been no identifiable improvement in reduction of the
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number of wrong tooth extraction claims despite risk management seminars and online educational courses.
In England, under the Clinical Negligence Scheme for Trusts, the NHSLA recorded 64 claims (settled and outstanding) for wrong tooth extractions by NHS Trusts in England equating to damage costs of £239,919 and a total cost of £572,000 in the period 2007-2012.
Interestingly five of the incidents occurred between 2010 and 2011 in the operating theatre despite mandatory use of the World Health Organisation (WHO) checklist in operating theatres (personal communication).
It is clear that the sequence of events leading to patient harm are multifactorial and have been broadly classified into active failures such as human error, mistakes and violations and latent failures resulting from organisational and workplace conditions which can lead to active errors.
Organisational, managerial, individual performance, team leadership, team dynamics and work environment are all components of a safety culture crucial in managing patients safely. [6] [7] [8] [9] To focus improvement in patient safety within the NHS, the National Patient Safety Agency (NPSA), in 2009/2010, issued a list of eight kinds of never events, describing a never event as, 'A serious, largely preventable patient safety incident that should not occur if the available preventative measures have been implemented by healthcare providers'. They identified 111 such events reported to the National Reporting and Learning Agency, of which 57 were wrong site surgery. 10 The annual publication by the Department of Health, lists 25 'Never Events', describing these as 'unacceptable and eminently preventable' . 11 Wrong site surgery remains the first never event listed in this document.
We know that wrong tooth extractions continue to occur in dentistry. [12] [13] [14] In our Dental Division, despite introduction of a checklist in 2009, between 2009 and 2012 there were five incidents of wrong tooth extraction in an outpatient setting. Of these cases two have resulted in financial settlements totalling £10,500 and two cases remain in legal progress.
While introduction of an outpatient correct site surgery checklist was an important step in the right direction, there was clearly more that was required. This paper describes the further process and strategy that was used to achieve the desired change within our dental services.
INTRODUCTION OF CORRECT SITE SURGERY (CSS) CHECKLIST
An outpatient correct site surgery checklist was introduced in 2009 (Fig. 1) . The checklist was based on the WHO safer surgery checklist 15 which was adapted by the NPSA. 16 It consisted of three sections: the correct patient details, correct procedure and a pre-procedure pause when the operator and assistant would confirm that the instruments are applied to the correct tooth, before extraction.
RECOGNISING AND QUANTIFYING THE PROBLEM

Incident reporting and involvement of Clinical Effectiveness Board
All incidents of wrong tooth extraction at University Dental Hospital Manchester are incident reported and presented to the monthly Divisional Clinical Effectiveness Board meeting, along with root cause analysis to ensure actions arising are implemented within a defined timescale.
A culture of incident reporting within an organisation is to be encouraged as it allows identification of problems and subsequently the lowering of overall incidence of harm to patients.
However, it is worth bearing in mind that while incident reporting is essential to identify and act on identified risks, it is an example of a 'lagging indicator' that is, a reactive measure, after an incident has occurred. It does not per se mean that the incident rate of harm will be reduced in the future. 17 Active monitoring and measurement, on the other hand, are examples of 'leading indicators' . They indicate that the organisation is taking action to reduce risks. 18 ,19 This is a proactive approach which we undertake as part of our overall strategy towards achieving a reliable reduction in wrong tooth extraction.
ANALYSING THE PROBLEM
In order to understand the varied processes leading to wrong tooth extraction we used four separate methods to analyse the problem: 1. Root cause analysis of incidents 2. Process mapping 3. Monthly audits to assess compliance in use of the correct site surgery checklist 4. Annual audit to assess compliance in use of the correct site surgery checklist.
Root cause analyses
This was undertaken for each incident of wrong tooth extraction. This helped us to identify the varying causal and key contributing factors leading to the incorrect extractions. These included administrative errors leading to pressures on clinic, inadequate staffing and changeover of supervisor and nurses during the patient's treatment. Lateralisation errors at consultation were not identified at the treatment appointment due to the records not being reviewed fully for consistency and diagnosis not being confirmed before treatment. In other incidents there was lack of communication between the operator and assistant to verify correct treatment on the consent form and an incident where a patient confirmed the incorrect tooth but the team did not undertake any other checks to verify the correct tooth to be extracted. In all of the above examples the deficiencies contributing to the wrong tooth being extracted were in organisation and management of clinics, staffing, inadequate team communication, inadequacy and failure to check clinical information for consistency at all stages of the patient journey from referral, to consultation, to treatment and in the checking of diagnosis, radiographs, consent and treatment plan. In all cases of wrong tooth extraction there was a failure to follow the correct site surgery checklist by the team.
Process mapping
The aim of this process was to identify areas of weaknesses along the patient pathway from referral to treatment that could increase the risk of incorrect site surgery. An oral surgery consultant and lead nurse chaired this session. Representatives from staff at different levels of seniority, postgraduate and undergraduate students and trainees took part. Areas of concern included: induction of new staff, availability of patient records, patient consent and supervisor responsibility, and communication of treatment details to reception staff. The group identified solutions to the risk areas, which were implemented. The exercise served to engage, educate and raise awareness of the risks, which could lead to wrong tooth extraction. It was also an opportunity to communicate that prevention of wrong site surgery and patient safety was a top priority.
Annual audits
The aim of these audits was to assess compliance in completion of all aspects of the checklist. The target was to achieve 100% compliance with CSS policy. Results from the 2009 audit are shown in Figure 2 . It was noted that clinicians were attempting to follow the correct site policy and in 97% of the cases a form was present in the notes. Compliance, however, was poor as a whole. Reasons for failure to comply included: treatment not written on the white boards, team members did not sign the forms, and checklists being filled retrospectively.
Actions to ensure the purpose of and correct use of the checklist were reinforced with the whole dental team and compliance was re-audited on a monthly basis.
Monthly audits
These were undertaken by a nurse manager, who would intervene where needed, to ensure compliance and provide support in use of the checklist at the dental hospital site.
The results from the monthly repeat audits audit showed successive improvement so that in 2010 and 2011, 100% compliance in completion of the CSS checklist was achieved.
However, despite 100% compliance in use of the checklist, a further incident of wrong extraction occurred in May 2011. The oral surgery consultant had observed during walk around that there were occasions when distractions and deficiencies in teamwork and communication during patient treatment sessions would occur. Results of root cause analyses had already shown these aspects to be key contributors to the wrong teeth being extracted.
Therefore, in the next annual audit in 2011, emphasis was placed on assessing communication and teamwork during dental extraction treatment sessions, whereas previous audits had assessed only completion of the CSS checklist.
KEY FINDINGS FROM AUDIT ASSESSING BEHAVIOUR AND COMMUNICATION IN USE OF THE CORRECT SITE SURGERY CHECKLIST
It was apparent that the team were unclear about their roles in undertaking checks and there was a disjointed non-standardised approach with often only the operator verifying certain checks before the patient was treated. The verbal 'time-out' rarely took place and there was confusion around who should undertake checks and write up the whiteboard. Clarification of roles and responsibilities, more communication between the team members to ensure a minimum two persons undertook the checks, and appointment of a checklist coordinator who would confirm that consistent systematic checking of all relevant patient and clinical details had taken place before commencing treatment, was needed.
Clearly there was a need for further education and revision of the existing checklist and policy. This was discussed at the Divisional Clinical Effectiveness Board and the actions taken are detailed below.
ACTIONS TAKEN, LESSONS SHARED
Leadership, communication and staff engagement
Following this audit and the latest wrong tooth extraction incident in 2012, the oral surgery consultant called an emergency departmental meeting where outcomes of root cause analyses and lessons to be learnt from these, outcomes and actions from the process mapping sessions and audit outcomes were shared. The Division and Trust patient safety priority was reinforced.
The team were asked for their involvement in how we could ensure that further wrong tooth extractions would not occur.
Actions agreed with immediate implementation while the CSS policy was being revised
It was agreed that the action of calling a verbal 'time out' pause before surgery be implemented with immediate effect and the message, that should any member of the team, at any level of seniority, at any time, note cause for concern in relation to correct management of patients, they should speak up immediately. To ensure that lapses leading to wrong tooth extraction do not occur, a minimum of two person check must take place and where students are working in pairs a third person check to include the supervisor. The team were made aware that 100% compliance with this process was expected and that this practice was to start with immediate effect with audit of compliance.
The oral surgery consultant revised the existing policy and checklist which was replaced with a Divisional Surgical Safety Checklist Policy (SSCLP) in 2012 for dental extractions under local anaesthesia and sedation. This was ratified at the Dental Division Clinical Effectiveness Board.
The associated surgical safety checklist (SSCL) is shown in Figure 3 . This is currently used for all oral surgical procedures undertaken for patients under local anaesthesia and sedation. It incorporates all of the lessons learnt from investigation of incidents of wrong tooth extractions, results of audits, outcomes of process mapping and staff views. Importantly, it incorporates the NPSA core standards for safer surgery 19 and pre-and post-operative briefings identified by Patient Safety First to improve patient safety, enhanced team performance and reliability of key clinical processes. 20 It clarifies the roles and responsibilities of team members, includes important pre, per and post-operative checks, communication between team members and between the team and patients to ensure safe management of patients undergoing oral surgical treatments.
The five key aspects of the outpatient Surgical Safety Checklist are:
Team brief
The team introduce each other and clarify their roles. Each member (as a minimum this may be a chairside assistant and operator) is given the chance to raise any concerns in relation to the proposed patient management.
A checklist coordinator is appointed whose role is to confirm with the operator and team that all checks on the checklist have taken place.
Sign in
The dentist completes a thorough review of clinical documentation from referral to treatment plan, patient medical history and relevant dental history, undertaking an intraoral check, ensures the diagnosis is consistent with all documentation and confirms consent with the patient. The assistant and operator agree the treatment on consent form, the correct patient is present and the dentist then completes patient and treatment details on the whiteboard.
Time out
The checklist coordinator calls the verbal 'time out' immediately before instruments are placed on the tooth or before surgery begins. At this point the team deliberately pause to reconfirm that the correct treatment is about to take place for the correct patient at the correct site. It gives all team members the final opportunity to identify and correct any potential error. During the time out stage, the whiteboard, as well as patient records, and for sedation patients the wristband, are used to reconfirm patient consent, ID and procedure details.
Sign out
The checklist coordinator confirms with the team that all safety checks have taken place before the patient is discharged and this is documented.
Debrief
After the patient has been discharged the team openly discuss whether the patient treatment could have been undertaken more safely or more efficiently. Resulting comments and actions are documented. The checklist forms part of the patient records, which are audited annually, whereas the correct use of the checklist is audited monthly in real time.
Any safety incidents are incidents reported by the usual mechanisms.
The policy document which accompanies the checklist also highlights important aspects such as: treatment must not begin or continue without the presence of a chairside assistant; assistant/nurse changeover during treatment must be avoided. If unavoidable the team pauses to allow handover to take place before continuing treatment; all clinicians and students of any professional group and seniority have equal responsibility to ensure patient safety.
SSCL IMPLEMENTATION STRATEGY
This was essential to ensure a standardised approach was adopted by all teams.
Communication and launch
The consultant oral surgeon introduced the revised SSCL policy and checklist to the surgical and dental divisions on 17.04.12 at hospital-wide clinical effectiveness meetings by delivering a series of lectures aimed at educating teams in lessons learnt from analysis of incidents of wrong tooth extractions.
Consistency of practice, education and training
To support teams in correct use of the SSCL and to ensure the patient safety message could be accessed by all NHS staff, trainees, university staff and students, a video was produced under the direction of the oral surgery consultant and a trainee. This involved surgical trainees, clinical staff and an undergraduate student demonstrating the key stages of the checklist in 'real-time' use in the management of a patient. The time taken to verify the checks from team brief to debrief was approximately three minutes. It was presented to hospital staff at the subsequent hospital Clinical Effectiveness Day and Audit Meeting in October 2012. The video and policy are accessed by staff via the Trust Intranet and for students via the electronic teaching blackboard and are incorporated in the divisional induction programme and oral surgery induction booklet for all new staff and trainees.
Enforcement and accountability
Departmental Clinical Effectiveness Lead (oral surgery consultant), Clinical Head of Division, Divisional Director and University Heads for undergraduate and postgraduate trainees communicated the importance of compliance with the SSCLP and individual accountability. 'Champions' for students, staff and surgical trainee groups were appointed.
Continual monthly snapshot audits are used to assess compliance and offer guidance in use of SSCL as well as the annual audits to assess correct use of the policy and checklist with now the added advantage of implementing relevant suggestions made by staff in the debrief section thus enabling the checklist to evolve and to enable us to further improve our processes to minimise risk of wrong tooth extraction.
Outcomes
No further wrong tooth extractions have taken place in the last 30 months since implementation of the interim measures contained within the new SSCLP.
In the previous audit poor team communication was highlighted. Now the team checked consent (not just the operator), a verbal 'time out' pause and confirmation was undertaken in all instances, and there were no occasions where an operator worked without an assistant. Communication and teamwork showed significant improvement. It is essential that a checklist coordinator is appointed but audit showed that this did not always happen. As such the checklist has been modified to highlight this aspect and ongoing education and audit will continue.
The team feedback via questionnaire has been very positive, with 52/53 team members stating that the checklist and policy if used correctly ensures safe management of patients and prevents wrong tooth extraction.
Additional benefits noted are that a number of near misses were reported which could have resulted in wrong tooth extraction were identified by the team through use of the checklist and harm was prevented.
Staff now appear to work as a team with more confidence about their roles and responsibilities in relation to safe management of patients, counterchecking patient and clinical details for consistency in a standard way and feel more empowered in the safe management of patients.
Staff, students and trainees have provided positive formal feedback on the video training. They are aware of their role in further suggestions to improve the SSCLP, however, from verbal discussion at departmental meetings and also via the debrief section of the checklist, it appears that staff are happy to continue to use the SSCLP in current format, finding this to be a valuable tool in ensuring the team work together to prevent any likelihood of clinical error.
Staff value use of the whiteboard as a communication and verification tool and see it as integral to the safe surgery process.
The team are periodically updated regarding our performance in the prevention of wrong tooth extractions by the oral surgery consultant and audit results are disseminated. The divisional clinical effectiveness dashboard continues to display absence of wrong tooth extraction since implementation of the SSCL and strategic approach described.
DISCUSSION
Research into the monitoring and measurement of patient safety 21 by the Health Foundation concluded that we need to beware of simple single measures such as presence or absence of safety incidents. For example simply recording absence of wrong tooth extractions can be too simplistic as there are many factors that can influence safety and we are in danger of falsely reassuring ourselves and becoming complacent while hazards and risks are not addressed. We agree with the authors that a proactive approach to patient safety is essential and that non-occurrence of adverse incidents can be regarded as a dynamic 'non-event'. Their model of interrelation of patient harm, reliability of systems and behaviours, monitoring of safety, anticipating and being prepared for problems, learning from past harm and responding to and improving safety culture, are all aspects which we have addressed in our approach to reducing the incidence of wrong tooth extraction.
Patient Safety First 22 identified use of 'champions', staff inclusion, engagement, behavioural change, executive leadership and leadership walk arounds as the most common drivers for successful implementation of the WHO surgical safety checklist in NHS Trusts.
We have noted that simply introducing a surgical checklist did not prevent wrong tooth extraction. The methodology of audit, when closely scrutinised, showed that assessing completion of the checklist only was not enough to ensure patient safety. It was through observational audit of team behaviour that we were able to identify and address the greatest risks and improve reliability by standardising behaviour. 23, 24 The process mapping session brought different teams together to highlight weaknesses in our systems and processes which could contribute to wrong tooth extraction. An integral aspect of our approach was to ensure lessons learnt were shared at hospital wide and departmental clinical effectiveness meetings.
The development of a strong patient safety culture where all members of the team are accountable and engaged in the safe management of patients was important and encouragement for near miss incidents, as well as any incidents of wrong site surgery to be reported and investigated, with appropriate and timely actions, has helped to mitigate ongoing risks. 25 Effective leadership is essential to managing patient safety. 26 To ensure sustained improvement, strong leadership to direct change came from the oral surgery consultant, Division and oral surgery team. Regular 'leadership walkarounds' to effectively and openly engage with staff and provide support and development, took place. The need for such visible and engaging leadership is discussed by Provonost et al. who undertook several surveys of patient safety culture at John Hopkins institution in Baltimore. 27 Leading change also meant setting the 'patient safety' tone within our organisation with regular communication to highlight that patient safety is an important and high priority.
We were mindful that while individuals involved in incorrect site surgery incidents are accountable, that we did not develop a blame culture and were able to support the team members involved.
Arriaga et al. 28 described a 75% reduction in omission errors with use of a checklist but noted more than a five minute preoperative training was needed. He also noted that diagnostic errors may lead to incidents. Through use of our training video and checklist emphasising the importance of reconfirming diagnosis and checks for consistency, we hope to reduce such errors. To support teams in implementation of the SSCL, we produced a training video which showed use of the checklist in real time. This was an inclusive process which involved a team of students, nursing staff and trainee surgeons with formal feedback by relevant groups. Representatives from each of these groups went on to become 'champions' in relation to safe surgery.
Mahar 29 et al. in their systematic review concluded use of a specific educational intervention, targeting junior dental staff using a training session that included cases of wrong-site surgery, presentation of clinical guidelines and feedback by the instructor, was associated with a reduction in the incidence of wrong-site tooth extractions. While this approach was integral in our implementation strategy, we extended the process to include the whole team and hospital.
Robert et al. 30 in 2007 reviewed the evidence to see if a behaviourally specific policy and procedure existed and found no scientific evidence which would guide hospitals in evaluating whether they have an effective policy which staff are aware of and which is being used appropriately to prevent never events. They highlighted the need for team and specifically 'two person' verification of pre-and perioperative checks. We provide a model behavioural checklist which incorporates these aspects in conjunction with an approach to improve safety culture within our division to reduce risk of wrong tooth extraction in an outpatient setting.
Bochard et al. 31 conducted a systematic review of the literature to assess the effectiveness of, compliance with, and critical factors for the implementation of safety checklists in surgery. They found compliance between 12% and 100% and compliance with 'time out' of 70-100%.
They concluded that checklists are effective and economic tools that decrease mortality and morbidity but further research relating to implementation is needed. We have presented an implementation strategy which has proved to be successful in a teaching hospital setting. While compliance is essential, we have noted that it is the team communication and meaningful use of checklists that is key in avoidance of critical incidents such as wrong tooth extraction. NHS England recently published a report of the NHS England Never Events taskforce 32 in which they conclude that in order to achieve continual reduction in harm we must reduce variation in practice, promote learning from mistakes and improvement activities and promote organisational and professional responsibility through a strategy of standardising operating procedures outside the theatre environment, education and training and harmonising activity to ensure a safer environment for patients. Their intention is to embed this approach widely within the NHS. We have shown how these elements can be implemented in a secondary care dental setting such as ours.
In our experience mere existence of a policy and checklist did not prevent wrong site surgery. We note that in an environment such as ours where team members are constantly changing, to be clinically effective, strong committed leadership in patient safety, standardisation of processes, cross checks, monitoring and measuring compliance, evaluating, sharing lessons from incidents, reviewing processes, educating and empowering our teams, measuring effective team communication, strategic direction and feedback from frontline staff were prerequisites to creating a strong patient safety culture. This is a managed, continuous, process requiring commitment from all stakeholders, and will need to be sustained to remain effective.
